Introduction
With the commoditization of many flat-panel display technologies such as LCD display panels and electronic paper displays, novel ways of using displays and adding value to display panels are sought. For example, unconventional non-rectangular shaped display panels have been developed to offer greater flexibility for device integration [1] . The emerging area of flexible displays also holds promise for a variety of new applications [2] . Moreover, novel fabrication technologies such as printing are promising for large-area and flexible displays at low cost [3, 4] .
Today, conventional displays such as flat-panel TVs have usually a single function and occupy a fixed area in an environment such as a room. Schemes in which displays are used as virtual windows have been described [5] but if the location of an actual window is considered for a display, a transition between a transparent mode and a display mode is required. Recently, in parallel with the work described here, design concepts for louvered windows have appeared which use organic LEDs for illumination in conjunction with photovoltaic cells, but an actual information display was not demonstrated [3] .
In this paper, various embodiments of louver-type displays are presented in which a window or door louver screen functions as a variable information display (Fig. 1 ).
In the 'open state' the louver screen is quasi-transparent and the environment behind the screen can be observed. In the 'closed state', the set of louver segments displays images, movies or text messages. The backside of the louver segments may carry a different kind of display (such as a reflective display for the side facing the sunlight), a light source for illumination or a photovoltaic cell, for example. Moreover, the display has the same advantage of conventional 'pull-up' louver screens of being stackable and therefore changeable form a largearea to a compact and portable form factor.
Louver display concept
Louver screens are typically found in front of windows or doors to block the view or prevent sunlight from entering a room. The louver screen can be turned from an opaque state into a transparent (or quasi transparent) state by rotating the louver segments ( Similar to conventional louver screens, the segments may be pulled up into a stack for a more compact form factor. This capability to stack louver segments is also useful for portable displays. Moreover, the louver segments can be rotated by 180 deg, and therefore the back-side of the louver segments can provide an additional function. For example, the back-side may carry a different type of information display. During daytime, for example, a reflective display may be visible, while at night time the louver segments may be rotated to show an emissive display.
Reflective displays may include electrophoretic, liquid powder, electrowetting, electrochromic, polymer dispersed or cholesteric liquid crystal displays. Emissive technologies include backlit liquid crystal, electroluminescent, organic light emitting or plasma displays.
As listed in Fig. 3 , other options exist for the back-side of the louver screen. For example, the viewed area may change from an information display into an areal light source. This is shown in the small-scale louver display prototype in Figs. 2 and 4. In the ~8x8 cm display with four louver segments, each louver segment functions as a reflective display on one side and as a light source on the other side.
The reflective display is an electrophoretic display (E-Ink electrophoretic film) with a directly addressable electrode pattern. Each segment carries 9x2 pixels and when the four segments are in 'closed' position, a 8x9 pixel display is viewed. The electrophoretic display is bistable and two different image patterns are shown in Fig. 2a . When the segments are rotated by 90 deg, as in Fig. 2b , the display is quasi-transparent and the area behind it becomes visible.
In Fig. 4a , the louver segments are rotated by 180 deg, and the back-side of the louver segments is viewed. Here, each segment carries a string of light emitting diodes (LEDs) and the display becomes an areal light source (e.g. to illuminate a room). Fig. 4b shows that this display offers a variety of possible configurations. Here, only the bottom two segments are rotated to shine light into different directions. The reflective display in the upper region is partially illuminated by one of the LED segments. There are other concepts for the back-side of the display (Fig. 3) . If the back-side faces sunlight, it may also carry solar panels to at least partially provide power for the display. A mirror surface, a photograph or wallpaper on the back-side may be desirable to change the appearance of the louver display in an office or living room environment. In another example, the display may be used in the window of a military vehicle in which case the back-side of the louver segments may consist of impact-resistant or bulletproof material.
The louver arrangement has also the advantage that the display can be extended by adding more louver elements. Moreover, the louver segments can be arranged in a non-planar fashion which enables curved displays. The seam between the louver segments certainly will affect the picture quality, but compromises can be achieved by balancing between precise engineering and the application area. 
Louver display segments
The display medium on the louver segments may be addressed by various means, such as direct, passive-matrix or active-matrix. For matrix addressing, column and row driver circuits are required and because each louver segment functions as an independent display, the number of (vertical) column drivers is multiplied by the number of louver segments. Therefore, the cost of the louver display segments is a concern. Moreover, the column driver electronics, if attached with discrete TAB bonded chips, may complicate the assembly of the louver segments and also increase the seam between the louver segments. Integrated gate driver circuits have been reported for large area display panels [7] . By integrating the gate drivers on the backplane of each louver segment, as illustrated in Fig. 5 , the number of external driver chips is reduced and therefore also the cost of assembly. It most likely would also improve the appearance of a louver display by enabling closer spacing between louver segments. 
Flexible display backplanes
Flexible display panels for the louver segments would be desirable in order to increase the robustness and reduce the weight of a louver display. Moreover, the cost would be lower if roll-toroll fabrication methods were used. Fig. 6-8 propose a structure for a louver display that uses a continuous flexible display backplane for the entire louver display.
The 'display area' of the flexible backplane is attached to the louver segments and the quasi-transparent regions in-between may carry electrical connections between the display areas. In the shown example, the gate-lines of an active-matrix backplane run vertically between the louver segments (since the gate-lines are narrow, this area still has a high transparency). Only the display areas are patterned with a pixel circuit and therefore these areas are opaque (if the pixel pads are patterned from a nontransparent conductor). The gate line driver circuit is attached to only one end of the backplane as shown in Fig. 7a , therefore simplifying the assembly and reducing cost.
Simple prototype structures have been fabricated to illustrate this display concept. In Fig 7b, a flexible polymer substrate with jetprinted silver conductors is shown. Here, the printed lines were 50 μm wide and spaced at a distance of ~1.3mm. In the regions of the display area (which gets attached to the louver segments), additional silver was printed to simulate pixel pads. Although not a functional backplane, it was used for a mockup louver display to demonstrate the principle shown in Fig. 6 . The structure in Fig. 8 demonstrates that in the 'open state' of the louver segments, the display exhibits good transparency. In this concept, air would not 
Summary and Conclusions
Louver-type display concepts were developed to show that there are novel applications for a range of display technologies that have become, or are about to become, a commodity. Non-standard elongated display sizes are required for louver segments and integrated driver electronics may be essential to reduce the cost of a display. Flexible displays and fabrication by printing techniques are potential enablers for lower cost and lighter louver display structures. Areas that would benefit from louver displays include the office or living room environment, vehicle displays, signage and displays to attract attention for advertisement.
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